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[bookmark: _Toc441074798][bookmark: _Toc89760801][bookmark: _Toc128580639]1.	Introduction
The Australian Communications and Media Authority (the ACMA) released the consultation paper, Review of the 2 GHz band spectrum licence technical framework, on 18 November 2022. The paper sought industry feedback on our proposals in relation to the following elements of the 2 GHz band (1920 MHz to 1980 MHz and 2100 MHz to 2170 MHz) spectrum licence technical framework:
variations to 2 GHz spectrum licence conditions
making the new Radiocommunications Advisory Guidelines (Managing Interference from Spectrum Licensed Transmitters – 2 GHz Band) 2023 (RAG Tx)
making the new Radiocommunications Advisory Guidelines (Managing Interference to Spectrum Licensed Receivers – 2 GHz Band) 2023 (RAG Rx)
making the new Radiocommunications (Unacceptable Levels of Interference – 
2 GHz Band) Determination 2023 (the s.145(4) determination).
The consultation paper also sought feedback on how the proposed amendments may affect incumbent co-channel and adjacent channel services. 
An illustration of arrangements in and around the 2 GHz band is provided below in Figure 1. 
1. Current arrangements in the 2 GHz and adjacent bands 
 
[image: Figure 1: Current arrangements in the 2 GHz and adjacent bands.]
Nine submissions were received to the consultation paper from the following organisations:
· Australian Broadcasting Corporation (ABC)
· Australian Mobile Telecommunications Association (AMTA)
· Communications Alliance Satellite Services Working Group (CA SSWG)
· Commonwealth Scientific and Industrial Research Organisation (CSIRO)
· EchoStar
· Ericsson
· FreeTV
· Optus
· Telstra.

A summary of submissions received and our response to the issues raised is provided in section 2 of this paper. The outcomes of the consultation and implementation of these are outlined in section 3. 
[bookmark: _2_Summary_and][bookmark: _Toc441074818][bookmark: _Toc89760802][bookmark: _Toc128580640]2.	Summary and response to issues
Submissions were generally supportive of the proposed amendments to the 2 GHz technical framework. However, some additional amendments were also proposed. 
This section summarises responses made on the issues for comment in the consultation paper as well as additional issues raised. Our views on these responses are also provided.
[bookmark: _Toc89760803][bookmark: _Toc128580641][bookmark: _Toc441074847]Issues for comment 
[bookmark: _Toc89760804]Question 1
The ACMA is seeking comment on the 2 options proposed for unwanted emissions in the frequency range 2100–2110 MHz.
Five submissions were received on this question.
AMTA, Optus and Telstra all indicated a strong preference to align with 3rd Generation Partnership Project (3GPP) standards. They argued that the nature of adaptive antenna systems (AAS) reduced the potential for interference and the more conservative bespoke Australian arrangements can increase equipment costs. However, given the options provided by the ACMA in the consultation paper (both of which are more stringent than applicable 3GPP standards), they preferred Option 2 (based on a combination of 3GPP Category B Option 2 limits and the existing 2.3 GHz band unwanted emission limits) over Option 1 (based on the existing 2 GHz band unwanted emission limits) as it is the less stringent of the two options. Telstra identified that off the shelf equipment for current mobile generations (4G and 5G) can comply with Option 2, but Telstra expressed concern and uncertainty about the capability of future generation equipment. 
AMTA also made the following observations and proposed the following amendments to Option 2:
Option 2 should include the ‘step’ of (-26 dBm + 9 =) -17 dBm/(30 kHz) for 
offsets between 1 and 1.5 MHz, to match Table 6.6.4.2.2.2-1 of 3GPP TS 38.104. AMTA also proposed this step be included to the unwanted emission limits in 2170–2180 MHz frequency range detailed in Table 4 of the consultation paper.
There is a discontinuity between the non-spurious emission limits applicable at 2100 MHz and the spurious emission limits which would apply immediately below 2100 MHz. Either the Adaptive Antenna System (AAS) Base Station (BS) non-spurious emission limit applicable between 2100 MHz to ~2103 MHz should be no lower than -21 dBm/MHz (preferred), or the AAS BS spurious emission limits should be limited to -30 dBm/MHz but only within the frequency range 
1980–2100 MHz.
The unwanted emission limits between 2106–2110 MHz should be aligned to 3GPP Category B Option 1 limits. This spectrum does not overlap the television outside broadcast (TOB) spectrum, so such a change would provide greater flexibility to spectrum licensees with no increase in the interference potential to TOB services below 2106 MHz. 
Any adoption of unwanted emission limits not compliant with 3GPP should be limited to base stations in the vicinity of the collection stations that the TOB operators are concerned about protecting. Imposing these “Australian-specific” conditions on base stations in areas that are large distances from any collection stations would place undue constraints on spectrum licensees.
FreeTV indicated a preference for Option 1. However, they stated that they would be able to accept the hybrid mask (Option 2) as a reasonable compromise as long as manufacturers adhere to the emission limits.
The ABC indicated a preference for Option 1.
ACMA response
After considering submissions, we will adopt a hybrid model. This emission mask 
will be:
2109–2110 MHz: 3GPP Category B Option 1
2106–2109 MHz: Option 1 as presented in the consultation paper
2100–2106 MHz: Option 2 as presented in the consultation paper.
The ACMA considers that this hybrid represents an efficient outcome that balances the requirements of both TOB operators and spectrum licensees in the band. 
3GPP Category B Option 1 between 2109–2110 MHz, provides flexibility for the spectrum licensees to possibly use #GPP Category B Option 1 equipment. Generally, the first 1 MHz from the band edge is the most problematic in meeting emission limit criteria. By using 3GPP Category B Option 1 emission limits, spectrum licensees may be able to use 3GPP Category B Option 1 equipment if this equipment can meet the other emission limit criteria.
Option 1 emission limits between 2106–2109 MHz, provides certainty for TOB operators and provides greater flexibility for spectrum licensees. By adopting the existing limits of Option 1, the increase in emissions in the first adjacent channel of the TOB services will be limited. This will provide a greater level of certainty in the interference environment for the TOB operators. Additionally, by adopting Option 1 between 2106–2109 MHz and 3GPP Category B Option 1 between 2109–2110 MHz, the spectrum licensees existing equipment will be able to comply and will also allow for 3GPP Category B Option 2 equipment. As such, this provides spectrum licensees greater flexibility.
Option 2 criteria between 2100–2106 MHz will provide the necessary flexibility for spectrum licensees to introduce 5G networks using AAS with a limited change to the interference environment for TOB operations in the 2103–2106 MHz frequency range.    
We have considered AMTA’s proposed amendments to Option 2. We propose to:
Adopt 3GPP Category B Option 1 between 2109–2110 MHz. The ACMA made this decision as we considered that adopting the 3GPP Category B Option 1 between 2106–2110 MHz would potentially represent a significant increase in the interference environment in the first adjacent channel for TOB Operators. 
We note that AMTA’s proposal to include the step between 1 MHz to 1.5 MHz offset would be unnecessary as we have chosen to adopt the 3GPP Category B Option 1 between 2109–2110 MHz and Option 1 between 2106–2109 MHz.
Amend the unwanted emission limits for transmitters in the 2170–2180 MHz frequency range to include the ‘step’ of (-26 dBm + 9 =) -17 dBm/(30 kHz) for offsets between 1–1.5 MHz. This amendment ensures the adopted limits match 
Table 6.6.4.2.2.2-1 of 3GPP TS 38.104.
Amend the spurious emission limits for transmitters operating in the 2110 to 2170 MHz frequency range to account for the discrepancy in emission limits. 
Table 9 in the consultation paper would be amended to include a level of 
-30 dBm/1MHz between 1.98–2.10 GHz
Not include any criteria restricting any changed unwanted emission limits to the vicinity of TOB collection stations. The limits would apply to all relevant radiocommunications equipment operated under the spectrum licence. We made this decision as coexistence is not just limited to collection stations, but also includes other receivers such as mobile and nomadic stations, helicopters, etc. Such stations operate in both metropolitan and regional areas. Furthermore, flexibility is required to deploy these at any time or location.   
[bookmark: _Toc89760805]Question 2
Comment is sought on the effect the proposed changes to the 2 GHz technical framework may have on incumbent services in the 2 GHz band and adjacent bands.
While AMTA and Optus did not provide a comment directly to this question, they commented on the subject matter. AMTA noted there will be negligible to limited impact on other services, except for TOB services below 2110 MHz in the long term. They both noted that the main argument presented by TOB operators is that helicopter (down) links operate below 2110 MHz, which may operate closer to the minimum carrier-to-noise (C/N) threshold than other links using directional antennas pointing to the collection stations. They suggested this is a network design issue and that TOB operators could either increase the transmitter power or use other available spectrum. 
They put forward their belief that making spectrum-licensing arrangements fit-for-purpose should be a top priority for the ACMA, as spectrum licences provide a high degree of certainty and exclusivity over the use of their spectrum. The high cost of Australian-specific solutions is inconsistent with the priority afforded to spectrum licensees. AMTA also suggested the cost placed on spectrum licensees would far outweigh the costs to TOB operators.  
Telstra identified that the need to maximise the utility of the available spectrum, required a compromise between needs of the spectrum licensees and the TOB operators. Telstra’s view is that the ACMA’s Option 2 achieves this balance, as it informs TOB operators the further they move down from 2106 MHz, the lower the out-of-band emissions from IMT base stations.
FreeTV provided background on the use of the adjacent band by TOB operators. TOB licensees operate a network of 26 main collection sites around Australia. Typically located on elevated locations, these collection sites are highly sensitive, omni-directional, and able to receive signals from hundreds of kilometres away. Each is fitted with expensive filters at the band-edge. TOB operators often coordinate shared access, so if interference from adjacent bands adversely affects these collection sites, all broadcasters could be impacted to some extent. Interference issues, by the time they emerged, would be irreversible. The only mitigation available to TOB operators would be replacing the present band-edge filters, in essence creating a pseudo guard band within the industry’s current TOB allocation. In addition to the loss of TOB spectrum utility, filter replacement costs alone would exceed US$1M.
TOB operators routinely use the 2010–2106 MHz frequency range for helicopter operations. These sometimes operate over long distances, resulting in very low receive signal levels. Any increase in the noise floor within the lower TOB allocation effectively reduces the range where helicopter links can be used.
The ABC highlighted the importance of the band for TOB operators. The ABC indicated the concern by TOB operators to preserve the utility of these services despite ongoing proliferation and technical evolution of adjacent spectrum licensed services. They stated the importance of the adjacent spectrum (2010–2110 MHz[footnoteRef:1] and 2200–2300 MHz) to the ABC, Seven Network, Nine Entertainment and Network TEN as TOB operators. The 2010–2106 MHz frequency range is used by helicopters as aerial outside broadcast platforms. It is important for the networks that these services are not impaired by an increase in interference.  [1:  While TOB channelling arrangements constrain the use of TOB to 2010–2106 MHz, the Australian Radiofrequency Spectrum Plan allocation allows for the uses of TOB up to 2110 MHz. ] 

CA SSWG supported the proposed changes. These proposed unwanted emission limits in the 2170–2180 MHz band will in their view reduce the probability of interference into mobile-satellite service (MSS) systems.
Echostar considered that the changes are acceptable. The proposed unwanted emissions limits into the 2170–2180 MHz frequency range will adequately reduce the probability of harmful interference into MSS operations.
ACMA response
The ACMA has considered the effect on incumbent services in the 2 GHz band and adjacent bands. We consider that the proposed changes would have a low impact on fixed point-to-point services, public telecommunications services, mobile satellite services, space operations, space research, earth exploration satellite services and class licensed services. All submissions supported this position.
The only incumbent service that was identified as potentially affected is TOB services in the frequency range 2010–2106 MHz. The ACMA considers Option 2, while allowing spectrum licensees to deploy 5G networks with AAS, mitigates the potential increase in the interference environment of TOB operators. TOB operators highlighted the need for preserving the utility of the spectrum for their services and the spectrum licensees highlighted the need to allow for developing technologies to be deployed.
In reviewing spectrum licence technical frameworks, the we are aware of the investment made by spectrum licensees when obtaining a spectrum licence. These licences provide licensees with exclusive spectrum access to large geographical areas for a significant period of time. Spectrum licences are allocated with clearly defined technical conditions. The ACMA is under no obligation to review these conditions, however, given the evolution of technology (including 5G and AAS), a review was seen as prudent to determine if changes to the spectrum licence technical framework were possible without disadvantaging incumbent users. Spectrum licensees do not have the right to expect their licence conditions be changed at the expense of other incumbent services. Nor should a spectrum licensee expect that the arrangements for incumbent services should change significantly.
It is worth noting that the ACMA has adopted 3GPP limits for most frequency ranges where unwanted emission limits apply. However, to manage coexistence with 
TOB services, our policy is that lower limits are more appropriate within the 
2100–2106 MHz frequency range (and subsequently the 1980–2100 MHz frequency range as proposed by AMTA). We consider the limits proposed would strike a reasonable balance between ensuring coexistence and assisting 5G and AAS to be deployed by spectrum licensees.
[bookmark: _Toc89760806]Question 3
Comment is sought on the changes proposed to the:
· 2 GHz band spectrum licence conditions
· [bookmark: _Hlk125631248]Draft Radiocommunications (Unacceptable Levels of Interference – 2 GHz Band) Determination 2023 (s.145(4) determination 2023).
CA SSWG and EchoStar supported the use of the 3GPP standards as used to derive the out-of-band emission limits into the 2170–2180 MHz MSS band. They believed the proposed changes to Schedule 2 and 3 maintain an acceptable level of protection for adjacent MSS operations.
In relation to the proposed changes to the conditions on the 2 GHz spectrum licences, Optus generally supported the ACMA’s approach, though it expressed concerns about the options to change spectrum licence core conditions relating to unwanted emission limits. Optus supported the our proposed amendments set out in the draft Radiocommunications (Unacceptable Levels of Interference – 2 GHz Band) Determination 2023 (s.145(4) Determination).
Telstra supported the proposed changes to the conditions on the 2 GHz spectrum licences, with the exception of the additional comments provided above regarding unwanted emission limits in the 2100–2110 MHz frequency range. They also supported the adoption of the changes proposed in the Draft Radiocommunications (Unacceptable Levels of Interference – 2 GHz Band) Determination 2023 (s.145(4) determination).
CSIRO supported the proposed changes to the conditions on the 2 GHz spectrum licences, but raised the following issues:
HAPS exemption from registration. CSIRO raised their concern that high altitude platform station (HAPS) transmitters operating in the 2110–2170 MHz frequency range may cause interference to the sensitive space research services (SRS) receivers operating in the 2200–2290 MHz frequency range. Their main concern was the source of interference may not be able to be identified as they are not registered in the Radiocommunications Register of Licences (RRL). While CSIRO acknowledged this is out of the scope of this review, they requested this issue be considered by the ACMA. 
Registration exemption for non-HAPS transmitters. The change in metric from effective isotropic radiated power (EIRP) to total radiated power (TRP) presents increased potential for exceedance of the SRS protection criteria through the usage of the dynamic phased array AAS. While recognising that operators are required to protect other services, CSIRO was seeking from the ACMA an assurance that there is no scope for these registration exempt services to exceed an EIRP emission limit of 25 dBm within that sector of their AAS that encompasses the SRS stations.
ACMA response
[bookmark: _Toc89760807]We have adopted the proposed changes to 2 GHz band spectrum licence conditions and the draft Radiocommunications (Unacceptable Levels of Interference – 2 GHz Band) Determination 2016 (s.145(4) determination 2023). We will make the relevant changes to the unwanted emission limits between 2100–2110 MHz, as discussed in the response to Question 1. The ACMA also identified an error in Table 10 of the consultation paper. The title incorrectly included the text ‘outside the 1920–1980 MHz’. The table title has been amended to ‘Unwanted emission limits for transmitters operating in the lower 2 GHz band at frequencies outside +/- (channel bandwidth + 5 MHz) – all transmitters’.
CSIRO raised concerns related to the exemption from registration for HAPS. The ACMA did not consider placing extra restrictions on the existing arrangements for spectrum licensees, although it notes that even though the HAPS transmitters are exempt from registration, they are still expected to protect SRS and other adjacent band services to the protection levels specified in the Radiocommunications Advisory Guidelines (Managing Interference from Spectrum Licensed Transmitters – 2 GHz Band) 2023. There is also a minimum 30 MHz guard band between these services that will help to reduce the potential for interference. Should interference occur from a non-registered HAPS transmitter, there are only a limited number of spectrum licensees in the 2 GHz band. These licensees can be contacted to help to quickly identify the source of interference.
The other issue raised by CSIRO was the exemption from registration for non-HAPS services changing the metric from EIRP to TRP. Due to the nature of AAS the ACMA cannot provide any guarantees regarding the on-axis power exceeding 25 dBm EIRP. However, when deploying a base station (whether exempt from registration or not) spectrum licensees are required to consider and manage interference with adjacent band services. This is further mitigated by the small number of SRS sites in the 
2200–2290 MHz band, the remote location of most SRS operations and the minimum 30 MHz guard band with 2 GHz band spectrum licences. The ACMA considers these factors combined provide a high degree of certainty of protection from both base stations and the associated user terminals. As a further example, the same exemption from registration limits have applied to 2.3 GHz spectrum licences for nearly a decade. There is a minimum 10 MHz guard band to SRS in that case and the ACMA is unaware of any issues.

Question 4
The Radiocommunications Advisory Guidelines for this band will sunset in 2026. The ACMA is proposing to remake the instruments. This will ensure the instruments remain valid for the remainder of the spectrum licence period. Comment is sought on the proposal to remake the following instruments:
>	Draft Radiocommunications Advisory Guidelines (Managing Interference from Spectrum Licensed Transmitters – 2 GHz Band) 2023
>   Draft Radiocommunications Advisory Guidelines (Managing Interference to Spectrum Licensed Receivers – 2 GHz Band) 2023.
CA SSWG and EchoStar supported the proposed changes. They were satisfied that a compliant transmitter operating under a 2 GHz spectrum licence will not interfere with MSS receivers. They also believed the proposed changes provide clarity for the rules and guidelines for licensed receivers.
Optus supported the proposed changes to the advisory guidelines.
Telstra supported the proposed changes to the advisory guidelines. They noted that in the Draft Radiocommunications Advisory Guidelines (Managing Interference from Spectrum Licensed Transmitters – 2 GHz Band) 2023, Part 6 Section 16 ‘Protection requirements’ for TOB services only mentions 2170–2300 MHz and that TOB services operating in 1980–2110 MHz are not mentioned.
AMTA supported the proposed changes to the advisory guidelines. It proposed that in the Draft Radiocommunications Advisory Guidelines (Managing Interference to Spectrum Licensed Receivers – 2 GHz Band) 2023, Schedule 1, Notional receiver performance level, should be ‘modernised’ to support wider-bandwidths (including 5G) receivers, as was done for the 850/900 MHz.
ACMA response
[bookmark: _Toc89760808]The ACMA has adopted the proposed changes to Advisory Guidelines. The ACMA will include the TOB frequency range of 1980-2100 MHz in the RAG Tx, which was inadvertently omitted from the consultation document. The ACMA has also included the amendments as proposed by AMTA, to ensure wider-bandwidth receivers are supported in the RAG Rx. Schedule 1 of the RAG Rx was amended to include criteria for receivers with bandwidths greater than 20 MHz (see clause 2: Adjacent channel selectivity; clause 3: Intermodulation response rejection, and clause 4: Receiver blocking.
[bookmark: _Toc128580642]Other issues
[bookmark: _Toc89760809]Applying 3GPP standards
AMTA. Ericsson, Optus and Telstra’s submissions all indicated a strong desire to adopt 3GPP standards for the emission limits for spectrum licensed services. Optus stated that technical requirements that necessitate market specific equipment will create delays and add costs to network deployment while noting that this is not an issue for the 2 GHz band. The imposition of Australian-specific licence conditions will hinder licensees’ ability to deploy 5G networks in a cost-effective and timely manner, and ultimately undermine the potential benefits of fully realised 5G networks for Australia. This point was echoed either in part or in whole in the submissions by AMTA, Ericsson and Telstra (who also noted that compliant equipment is available for this band). 
ACMA response
The ACMA recognises that harmonisation with industry standards such as those developed by 3GPP is understandably preferred by the wireless broadband industry. However, they cannot be adopted in the absence of considering the broader domestic spectrum management environment. This includes the management of interference with other services. 
In this specific case there is an existing technical framework for the 2 GHz band with established coexistence arrangements with other users of the spectrum (in particular TOB). This review of the 2 GHz technical framework has been undertaken to identify what changes can be made in this broader environment while also considering other spectrum uses and users. 
RALI FX 21 update
FreeTV proposed that while updating section 6.5 of Radiocommunications Assignment and Licensing Instructions (RALI) FX21: Television outside broadcasting services 1980–2110 MHz and 2170–2300 MHz, the ACMA should take this opportunity to also include the 'designated areas' resulting from the recent review of the frequency band plan that applies to TOB in and near the 2 GHz band.
ACMA response
While RALI FX21 was not part of this consultation, RALI FX 21 will require updating to reflect changes due to the proposed update to the 2GHz spectrum licence emission limits. The additional suggestion from FreeTV will be considered in any future review of RALI FX21.
[bookmark: _3_Outcomes_of][bookmark: _Toc89760811][bookmark: _Toc128580643]3.	Outcomes of the consultation
The ACMA proposes to work with spectrum licensees on variations to the conditions of their spectrum licences under section 72 of the Act as proposed in the consultation paper, with the following amendments: 
For the unwanted emission limits between 2100–2110 MHz the following limits would apply to all devices
	Frequency offset
(foffset)
	Total radiated power (dBm) per cell/sector
	Measurement bandwidth

	0 MHz ≤ foffset < 1 MHz
	2 – (7/5) x (foffset )
	100 kHz

	1 MHz ≤ foffset < 4 MHz
	-7 – (7/5) x (foffset )
	100 kHz

	4 MHz ≤ foffset < 5 MHz
	32 – 9 x (foffset )
	1 MHz

	5 MHz ≤ foffset < 10 MHz
	4 – 3.4 x (foffset )
	1 MHz



For the unwanted emission limits between 2170–2180 MHz the step between 
1–1.5 MHz was included to align with the 3GPP standard. The following limits would apply to AAS devices:
Unwanted emission limits for transmitters operating in the upper 2 GHz band at frequencies inside the 2170–2180 MHz band – AAS devices  
	Frequency offset
(foffset) 
	Total radiated power (dBm) per cell/sector
	Measurement bandwidth

	0 MHz ≤ foffset < 200 kHz
	-5
	30 kHz

	200 kHz ≤ foffset < 1 MHz
	-5 – 15 x (foffset – 0.215)
	30 kHz

	1 MHz ≤ foffset < 1.485 MHz
	-17
	30 kHz

	1 MHz ≤ foffset < 10 MHz
	-4
	1 MHz



In Table 9 of the consultation paper, Unwanted emission limits for transmitters operating in the upper 2 GHz band at frequencies outside the 2100–2180 MHz band – AAS devices, the insertion of -30 dBm/1MHz for the frequency range 
1.98–2.10 GHz. The following limits would apply:
Unwanted emission limits for transmitters operating in the upper 2 GHz band at frequencies outside the 2100–2180 MHz band – AAS devices
	Frequency range 
(f)
	Total radiated power (dBm) per cell/sector
	Measurement bandwidth

	9 kHz ≤ f < 150 kHz
	-27
	1 kHz

	150 kHz ≤ f < 30 MHz
	-27
	10 kHz

	30 MHz ≤ f < 1 GHz
	-27
	100 kHz

	1 GHz ≤ f < 1.98 GHz
	-21
	1 MHz

	1.98 GHz ≤ f < 2.1 GHz
	-30
	1 MHz

	2.1 GHz ≤ f < 12.75 GHz
	-21
	1 MHz



The title of Table 10 of the consultation paper would be amended to:	
‘Unwanted emission limits for transmitters operating in the lower 2 GHz band at frequencies outside +/- (channel bandwidth + 5 MHz) – all transmitters’.

The ACMA has remade the Radiocommunications (Unacceptable Levels of Interference – 2 GHz Band) Determination 2023 as proposed in the 
consultation paper.
We have remade the Radiocommunications Advisory Guidelines (Managing Interference from Spectrum Licensed Transmitters – 2 GHz Band) 2023 as proposed in the consultation paper, with the insertion of the frequency range 1980–2010 MHz in Part 6 Section 16 ‘Protection requirements’ for TOB services.
The ACMA has remade the Radiocommunications Advisory Guidelines (Managing Interference to Spectrum Licensed Receivers – 2 GHz Band) 2023 as proposed, with the inclusion of provisions in ‘Schedule 1, Notional receiver performance level’, to support wider-bandwidth (including 5G) receivers.
We will update RALI FX21 to reflect changes to unwanted emission limits for 2 GHz spectrum licences.
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